A thermal desorption comprehensive two-dimensional gas chromatography coupled to time-of-flight mass spectrometry (TD-GC × GC-TOFMS) method has been developed for the analysis of mainstream tobacco smoke (MTS) vapour phase (VP). The selection process of the sample introduction approach involved comparing the results obtained from three different approaches: a) use of gas sampling bag followed by SPME (Tedlar ® -SPME), b) gas sampling bag followed by TD (Tedlar ® -TD), and c) sampling directly on TD sorbents (Direct-TD). Six different SPME fibers and six different TD sorbent beds were evaluated for the extraction capacities in terms of total number of peaks and related intensities or peak areas. The best results were obtained for the Direct-TD approach using Tenax TA/Carbograph1TD/Carboxen1003 sorbent tubes. The optimisation of TD tube desorption parameters was carried out using a face-centered central composite experimental design and resulted in the use of the Tenax TA/Carbograph 1TD/Carboxen 1003 sorbent with a 7.5 min desorption time, a 60 mL/min tube desorption flow, and a 250
Introduction
Mainstream tobacco smoke (MTS) is an aerosol containing an extremely complex mixture of chemicals. It consists of liquid/solid droplets, called the particulate phase (PP), suspended in a mixture of gases and semi-volatiles, the vapour phase (VP) [1] . When a smoking machine is used, the PP is retained by specially designed glass fiber filters (Cambridge filter pads) at room temperature, whereas the VP passes through the filter. More than 6000 compounds have been identified in MTS [2] , some of which are con-the identification of a limited number of VOCs [7] and the specific analysis of sulphur containing compounds [10] in VP. However, because of the trace levels to consider, especially in the case of cigarette construction that include ultralow tar design with high ventilation and efficient charcoal filters, a pre-concentration step is necessary prior to GC-MS analyses [7] . Therefore, solvent-filled impingers and gas sampling bags are often used together for the collection of the chemical constituents of MTS-VP [8, 11, 12] . Darrall and co-workers reported on the use of several cold trap impinger solutions placed in series for the identification and quantitative analysis of benzene and 7 other VOCs using GC-MS [12] . Major drawbacks of such approaches are the delicate evaporation steps required for the concentration of the extracts, the need of large sampling devices to perform cryogenic cooling, and the resulting long sample preparation times. Another approach is to use gas sampling bags followed by other sample enrichment procedures such as solid-phase microextraction (SPME) [13] and thermal desorption (TD) [14] . Both approaches enable to routinely quantify selected VOCs in MTS-VP while ensuring higher sample throughput and virtually no solvent waste. The use of gas sampling bags is however constrained by the bag background compounds and possible sample carry over as well as possible sample integrity issues related to the permeability of the membrane of the bag [15, 16] .
Another sampling approach is to directly trap MTS-VP samples on sorbent beds. Adapted smoking machines can be designed for drawing air/vapour phase smoke at constant rate through TD tubes prior to GC-MS measurements [4] . More recently, cartridges with sorbent materials followed by multi-step solvent elution with various solvents have been used to collect and analyse VOCs from mainstream tobacco smoke [17] .
To date, the majority of vapour phase studies focused on a relatively limited proportion of target analytes due to limitations related to peak capacity and sensitivity of classical single dimensional (1D)GC. Comprehensive two-dimensional GC (GC × GC) has emerged as an extremely powerful technique for the analysis of complex mixtures [1, 18, 19] . Main advantages of GC × GC over 1DGC are the increased peak capacity, the class-to-class separation from structured GC × GC chromatograms, and the cryogenic zone compression that enhance the overall sensitivity of the technique in case of thermal modulation [20] . Dallüge and co-workers were the first to illustrate the potential of GC × GC coupled with time-of-flight mass spectrometry (TOFMS) for the analysis of MTS aerosols [18] . It was later confirmed by several reports considering target/non-target analysis of MTS [1, 21] and tobacco heating products [22] . Yet, to the best of our knowledge, there is no peerreviewed scientific literature on the analysis of VP mainstream cigarette smoke based on a GC × GC-TOFMS approach.
The aim of the present work was to develop a new simple GC × GC-TOFMS method for MTS-VP sample analysis. To this end, different types of sample introduction approaches were investigated. The optimisation was carried out in terms of their extraction capacity and repeatability of results. The optimised method was applied for statistical comparison of two cigarette types that differed in their filter construction. The use of principal component analysis (PCA) and Fisher ratio [23] calculations was implemented for clear differentiation of the two sample types and to highlight the chemical compounds responsible for that differentiation.
Materials and methods

Analytical reagents and supplies
44 mm glass fiber filter pads (Cambridge filter pads) were purchased from Borgwaldt (Hamburg, Germany). Alkane standard solutions (C 6 -C 30 ) were purchased from Sigma Aldrich (Diegem, Belgium). Tedlar ® gas sampling bags (2L) were obtained from Sigma Aldrich (Diegem, Belgium). Commercially available SPME fibers and TD tubes were purchased from Sigma Aldrich (Diegem, Belgium) and Markes (Pontyclun, UK), respectively. The list of SPME fibers and TD sorbents is provided in Table 1 . All fibers and TD tubes were conditioned prior to use according to manufacturer's instructions. A blank test was always performed before use for each SPME fibers and TD tubes to check for possible carry-over.
Samples
3R4F research reference cigarettes were acquired from the University of Kentucky College of Agriculture (Kentucky Tobacco Research & Development Center, USA). A classic 27-mm length cellulose acetate filter cigarettes (coded Type A) and a 27-mm length two-part filter (15 mm cellulose acetate section at the mouth end and a 12 mm cellulose acetate section containing 55 ± 4 mg of undispersed active carbon at the rod end) cigarettes (coded Type B) were provided by British American Tobacco (Southampton, UK). A and B cigarettes had a circumference of 24.6 mm and were made up of a 56-mm long tobacco rod containing a US style tobacco blend (tobacco rod density of 235 mg cm −3 at a moisture content of 13.5%). The carbon used in this study was a high activity, polymerbased material whose production, composition and performance have been described in detail previously [24] .
Vapour phase smoke collection and sampling procedure
Cigarettes and Cambridge filter pads were conditioned for at least 48 h at 60% relative air humidity and 22 • C [25] . The MTS was generated using a Borgwaldt RM20D smoking machine (Borgwaldt KC GmbH, Germany). Smoking was conducted according to the relevant ISO standards applying a 35 mL puff of 2 s duration taken every 60 s with no blocking of filter ventilation holes [26] . Three sample collection methods were studied: a) sampling using Tedlar ® bag followed by SPME (Tedlar ® -SPME), b) sampling using Tedlar ® bag followed by TD (Tedlar ® -TD), and c) direct sampling on TD tube (Direct-TD). For each analysis five conditioned cigarettes were smoked and the PP was collected on Cambridge filter pads while the VP of mainstream smoke was collected on 2 L Tedlar ® gas sampling bags or TD tubes. The volume of sample collected on Tedlar ® gas sampling bags was 1.4 L. Tedlar ® gas sampling bags were flushed with N 2 gas 5 times prior to use for sample collection. For all Tedlar ® -SPME analysis, immediately on completion of smoking, the SPME fiber was inserted into the gas sampling bag through the dedicated septum. The SPME extraction was carried out for 30 min at room temperature (20 • C ± 2 • C). Fibers were analysed immediately after completion of SPME extraction process. For all Tedlar ® -TD analysis, immediately on completion of smoking, the VP smoke was sampled onto pre-packed thermal desorption tubes using an ACTI-VOC low-flow sampling pump (Markes Ltd) operating at a flow rate of 50 mL/min. For all Direct-TD sampling, the prepacked TD tube was placed in between the Cambridge filter pad holder and the syringe pump of the smoking machine. The total volume of gas drawn through the sorbent for Direct-TD sampling was 1.4 L for each analysis. For both Tedlar ® -TD and Direct-TD sampling, TD tubes were capped with DiffLok ® caps (Markes Ltd) directly after the sampling procedure was completed to preserve the integrity of samples.
Instrumental analysis
GC × GC-TOFMS analyses
The GC × GC-TOFMS system consisted of an Agilent 7890 (Agilent Technologies, Palo Alto, CA, USA) gas chromatograph coupled [27] , and maintain precision of peak heights that often distort with longer modulation period [28] . Mass spectra were acquired in the range m/z 29-500 at the acquisition rate of 100 spectra s −1 .The ion source temperature was set at 230 • C and the transfer line temperature was set at 250 • C. The detector voltage was 1500 V and the ionization electron energy (EI source) was set at 70 eV. Daily mass calibration and auto tuning were performed using perfluorotributylamine (PFTBA). Samples were acquired using ChromaTOF ® (LECO Corp.) software version 4.50.8.0.
SPME procedure
For all SPME injections the GC × GC-TOFMS system was equipped with a Gerstel MultiPurpose Sampler (MPS 2XL), SPME option for procedural automation and the CIS4 Cooled Injection System (Gerstel, Kortrijk, Belgium). Each extracted SPME fiber was placed in the automated system and the injector was set to splitless mode. The CIS was programmed from −20 • C (0.5 min hold) and then ramped to 250 • C at 12 • C s −1 (hold for 120 s). The six types of fiber coatings investigated are listed in Table 1 .
TD procedure
For all TD injections, the GC × GC-TOFMS system was equipped with an automated thermal desorber (TD-100, Markes Ltd.). Sample tubes underwent three stages of desorption process. The predesorption stage consisted of 1 min of dry purge of the sample tube at ambient temperature with a flow rate of 50 mL min −1 . During the tube desorption stage the sample tube was desorbed at 290 • C for 5 min with a flow rate of 50 mL min −1 . Samples were recollected at a temperature of −10 • C on a cold trap containing either a Tenax sorbent bed (general purpose carbon number C 4 -C 27 ) or a proprietary sorbent from Markes ('Air Toxics' carbon number C 2 -C 32 ). The cold trap with samples was placed for 2 min pre-trap fire purge time at flow rate of 50 mL min −1 to remove possible traces of undesirable water by diverting them to the vent port prior to desorption into the GC × GC-TOFMS instrument. The desorption of the cold trap was ramped at a heating rate of 24 • C s −1 from −10 • C to 300 • C where it was held for another 3.5 min. A transfer line/flow path with 1.5 m deactivated fused silica column was connected between the TD-100 and the GC 1 D column inlet maintained at 200 • C. Prior to the injection of the sample from the cold trap to the GC inlet, a split ratio of 1:100 was applied to prevent saturation of the MS ion source. Unless otherwise stated, all experiments were carried out with the aforementioned experimental parameters. The six types of TD sorbent beds investigated are listed in Table 1 . For the optimisation of Direct-TD tube desorption conditions, a face-centered central composite design approach was utilised for the major tube desorption parameters: time, temperature and gas flow [29] . The experimental levels selected for all factors are listed in Table S-1 (supplementary material). All experiments were performed in random order with seven replicates of the central point experiments with the objective of estimating experimental error and detecting lack of fit. A total of twenty-one experiments were carried out using MATLAB 7.9.0 (R2009a) software.
Data processing
All data were acquired using ChromaTOF ® (LECO Corp.) software version 4.50.8. These data were processed and summarised (retention times, peak areas, library search etc.) using the pixel-based GC Image TM (ZOEX Corp., Houston, TX, USA) software package version R2.5. Data processing for multivariate comparison of Type A and B samples was performed using Image Investigator TM , part of the GC Image TM software package, used to analyse multiple chromatograms and examine statistical trends. For the analysis of MTS-VP and the comparison of samples, chromatograms were aligned following a procedure based on the creation of a template chromatogram that records peak patterns and carrying out resampling of the data to match retention times using GCproject TM , part of the GC Image TM software package. Library searches of blobs/compounds were performed using NIST/EPA/NIH Mass Spectral Library (NIST 14) and Wiley Registry of Mass Spectral Data (9th edition) with a match factor threshold of >750. Further analyses of GC × GC-TOFMS results using interactive LRI filters (±10 range) were performed using NIST 14 Mass Spectral Library (NIST 2014/EPA/NIH) and Aroma Office 2 D Software (Gerstel K.K., Tokyo, Japan). Aroma office 2 D software is a searchable database with more than 73,000 entries, containing LRI information for a wide range of aroma compounds from many literature references [30] . The data processing of the MTS-VP sample replicates for the two cigarette types (a total of 24 runs; 12 for sample Type A and 12 for sample Type B) was performed on a matrix of data containing all calculated peak regions (i.e. every single peak found in any of the sample replicates). It consisted of a set of 1000+ compounds (variables) that were detected in each of the analysed MTS-VP samples. The matrix was submitted to principal component analysis (PCA) with mean-centering pre-treatment in order to elucidate clustering tendencies. A 24 × 1480 data matrix was calculated for PCA using chemometrics package Unscrambler ® X version 10.3 (Camo, Norway). [7] . d Library Retention Indices confirmed with AromaOffice 2D database.
Fig. 1.
Total number of unique analytes with a library match factor >800 (dark grey, left y-axis scale) and corresponding peak areas (light grey, right y-axis scale) obtained using selected fibers and sorbents for Tedlar ® -SPME, Tedlar ® -TD, and Direct-TD for sampling MTS-VP constituents in the reference cigarette by GC×GC-TOFMS.
Results and discussion
Selection of the sample collection/introduction approach
The optimisation of VP sampling techniques was carried out considering three different types of sample introduction approaches: sampling using Tedlar ® bag followed by SPME (Tedlar ® -SPME), sampling using Tedlar ® bag followed by TD (Tedlar ® -TD), and direct sampling on TD tube (Direct-TD) without the use of impingers or gas sampling bags. In order to determine the most suitable SPME fiber or TD sorbent bed for the subsequent analysis, we tested six different SPME fibers and six different TD sorbent beds in terms of extraction capacity of VP VOCs. The dispersion of the VP constituents over the 18 GC × GC chromatograms obtained by combining all SPME fibers and TD sorbents for the 3 approaches (Tedlar ® -SPME, Tedlar ® -TD, and Direct-TD) is provided in Figure   S -1 (supplementary material). The bubble plots are presented in a 'contact sheet' format to allow quick visual interpretation of the relative peak numbers and distribution over the chromatographic plane. Each chromatogram was considered on the basis of the number of unique peaks (number of 'peaks' after manual removal of column bleed, multiple hits formed by peak tailing/fronting effect, fiber/sorbent bleed, etc.). This number ranged between 457 and 596 for TD sorbent A and SPME fiber E, respectively (see Figure S -2 in supplementary material for all values). From the six evaluated SPME fibers, the DVB/CAR/PDMS (Fiber F), PDMS/DVB (Fiber E), and PA (Fiber C) fibers provided the highest number of peaks, whereas for TD sorbents it was Tenax/Carbograph/Carboxen (Sorbent F), Tenax/Sulficarb (Sorbent E), and Tenax/Carbograph (Sorbent D).
As the proper identification of analytes is of prime interest, replicates of the most promising fibers and sorbents were performed and further compared based on the number of reliable peaks. The average (n = 3) values of numbers of unique peaks exhibiting a library match factor >800 as well as their peak area are shown in Fig. 1 . The average value of unique peaks exhibiting high quality MS spectra (>800 MS match factor) observed for the Direct-TD approach is more than twice the value observed for Tedlar ® -SPME and Tedlar ® -TD. This is most probably because of the contamination, background levels of gas sampling bags, sorption to the Tedlar bag surface, as well as possible sample integrity issues related to the permeability of the bag membrane [15, 16] . Furthermore, peak area data indicated that both Tedlar ® -TD and Direct-TD approaches had better extraction capacity compared to Tedlar ® -SPME. This was to be expected as SPME is an equilibrium extraction method [31] , whereas, TD is an exhaustive extraction method that depends on the properties of the analytes sorption to the selected sorbent combination and sampling conditions [29] . In addition, Direct-TD systematically provided more consistent results compared to both sampling bag approaches. Total numbers of unique peaks with >800 MS match value and corresponding peak areas were more than twice higher in the Direct-TD analysis compared to the two other approaches. In short, among the three approaches evaluated, Direct-TD is the best available approach for MTS-VP analysis as it eliminates requirements of any additional consumables and provides a chromatogram with high quality MS spectra and more consistent results. Moreover, the approach offers collection, extraction, and concentration of MTS-VP constituents in a single step. Among the studied TD sorbents, Tenax/Carbograph/Carboxen (sorbent F) provided the larger number of unique peaks with >800 MS match value with good precision. Additionally, this sorbent combination has the unique extraction selectivity and the ability of trapping analytes with carbon number in the range of C 2 -C 30 . Sample recollections were carried out on a C 2 -C 32 cold trap. This combination of TD sorbent and trap ensured proper sampling of low boiling compounds so that the limitations of the global method in terms of low boiling compound analyses was based on the limitations introduced by the GC oven operating temperature and the liquid nitrogen cryogenic modulation.
Experimental design approach for direct TD trapping
Tube desorption parameters were optimised following a facecentered central composite experimental design approach. The response surface with a second-order quadratic model was used to correlate between responses and changeable parameters. For the optimisation of experimental design, a set of six different classes of organic compounds (styrene, pyridine, decane, ethylbenzene, oxylene and naphthalene) were selected amongst all compounds present in MTS-VP samples collected from the reference material [1, 32] . Their selection was based on their significance in tobacco smoke and to cover a large range of volatilities and polarities. The aim was to search for desorption time, desorption temperature and desorption flow (independent variables) for which peak areas of the aforementioned compounds (dependent variables) were maximised. Response surface plots obtained in the CCF in terms of peak areas for the six selected compounds but also for all unique peak analytes with a library match factor >800 are provided in Figure  S-3 .
The maximum responses for all classes of compounds were obtained with tube desorption time near the center points. All compounds had small increase of response with the function of tube desorption flow. In addition, decane showed the maximum response around the center points for tube desorption flow, whereas naphthalene maximum response was increasing with tube desorption time and tube desorption flow. Temperature had no effect on the response of the peak area of selected analytes nor all unique peak analytes with a library match factor >800 (this high matching factor was used to limit the number of analytes to be considered for this comparison exercise). Tube desorption temperature should be set as the function of TD sorbent rather than analyte and it should not exceed the maximum operating temperature of the sorbent as it can cause sorbent bleeding and impact chromatogram integrity. Furthermore, by nature, MTS-VP does not contain high molecular weight compounds to elute at higher temperatures. In order to transform a multiple response problem to an overall solution for the optimisation process, each of these separately modelled responses were processed through a Desirability function, rather than combining several elementary responses into a more complex objective function [33] . In practice, a composition function was created to provide the best compromise of a joint response and approach the optimal value for all evaluated variables. In conclusion, the overall optimum of TD experimental conditions, identified by maximised desirability, were a 7.5 min desorption time, a 60 mL min −1 tube desorption flow, and a 250 • C tube desorption temperature.
Application of the TD-GC × GC-TOFMS method
Analysis of vapour phase mainstream tobacco smoke
The method was applied to the qualitative analysis of VOCs in MTS-VP from reference material. Twelve replicates of analysis were performed and, after proper alignment, a cumulative image was created by combining all chromatograms [1] . A total of 655 reliable peaks were detected after manual cleaning of column bleeding signals, TD sorbent bleeding signals, artifacts and peak tailing-related hits. Amongst these quality signals, a total 130 peaks were identified using both interactive search of LRI (±10) and mass spectral library searching (>750 MS library match). The main analytical results are shown in Table 2 . They include retention time information and mass spectral library match values as well as average peak areas. The precision of the method was studied by analyses of six replicates and it was expressed by RSD% values of the all identified peak absolute area and retention times ( Table 2) . For peak areas, fifty-five peaks showed excellent precision in the range of 1%-10%, 72 peaks showed acceptable precision in the range of 10%-15%, and only three peaks had RSD% above 15%. The RSD% values for both first dimension and second dimension retention times ranged from 0% to 3% and 0% to 1%, respectively. This demonstrated the high precision of the TD-GC × GC-TOFMS method. To the best of our knowledge, this is the first time such a large number of VOC constituents are reported and identified in MTS-VP.
Because of the use of a regular GC oven and liquid nitrogen as the cryogenic fluid for modulation, our approach did not allow us to consider a significant part of the MTS-VP VOCs that comprise highly volatile compounds (below butane). The use of lower trapping temperatures during TD sampling and trapping, as well as a dedicated negative temperature GC oven fitted with a flow modulator would be of interest to extend the present work to low boiling compounds. Nevertheless, analytes listed in Table 2 significantly enlarge the list of the few previous reports on MTS-VP components and offer a more comprehensive overview as the majority of the previous studies relied on target analysis and were limited in terms of the description of the VOC profile. Only one study previously reported 92 tentatively identified compounds in MTS-VP from 1R4F reference cigarette material using a dedicated GC-MS technique capable to isolate molecular weights in the range from 28 to 136 (C1-C10) [7] . Our approach was limited to the range from 69 to 218 (C4-C14) but we attempted to make a fair comparison with the study of Dong et al. [7] by considering the retention time window from 3-methyl-3-buten-2-one to limonene. Dong et al. were able to identify a total of 37 compounds, while our GC × GC approach was able to identify a total of 80 compounds. Fourteen identified compounds were present in both studies. Out of 130 identified MTS-VP constituents, only five compounds (Table 2) were present in the sub-sets of the so-called 'Hoffmann list', a list comprising 44 constituents of prime interest in terms of toxicity.
Comparison of two different cigarette types
The comparison of two different cigarette types that differ only in their filter construction was carried out by performing twelve replicates of injections for each cigarette type A and B. The detailed description about these two cigarette types and their PP chemical compositions have been reported previously [1] , but limited data are currently available regarding the real chemical impact of such filter on the VP composition [24] . Samples were pre-processed by mean of background correction and blob detection. Each single TD-GC × GC-TOFMS chromatograms of both cigarette types A and B were used to build a cumulative image by combining all chromatograms into a single image after carrying out chromatogram alignment. This image represents all the constituents present in all samples. This template creation approach [34] and its successful application for MTS-PP was reported elsewhere [1] . The present template was made of a total of 1480 regions and a 24 × 1480 matrix containing the relative percent responses of peak areas submitted to PCA analysis after mean-centering pre-treatment. Fig. 2 shows the corresponding PC1 vs. PC2 score (top) and loading (bottom) plots. The score plot clearly shows the relationships among the samples and account for more variation in the data set than any other pair of components with PC1 describing 94% of the explained variance. This further demonstrates the ability of the TD-GC × GC-TOFMS method to separate and highlight MTS-VP constituents responsible for the differentiation between the two sample types (see the loading plot). The apex plot in Fig. 3 displays the chromatographic positions of the most relevant compounds (15 compounds from each cigarette types excluding unknowns) for the differentiation of the two cigarette types. Their localisation in the 2D space allows to demonstrate that the compounds of the VP generated by cigarette A (cellulose acetate filter) are in volatile range equivalent to C 8 -C 11 , while the compounds of the VP generated by cigarette B (active carbon/cellulose acetate) are in volatile range equivalent to C 5 -C 8 .
The supervised fisher ratio (F) calculation is a very useful tool to identify the potential chemical difference between sample classes. This approach has been successfully applied in various fields [1, 23] . Fisher ratios were calculated for all the 1480 regions generated from the template for the two cigarette types. The F value was based on the percent response determined by calculating a mean area and further normalised against the sum of all areas. Fig. 4A shows the two-dimensional (mean 1 t R vs. mean 2 t R) Fisher ratio plot for percent responses of compounds detected in the 24 GC × GC chromatograms. The sizes of the bubbles are proportional to the Fisher ratio values for detected compounds; the higher the F value, the greater the differences between the two classes. Based on a cutoff strategy we previously reported [1] , we decided to apply a high F value threshold of 300 (F crit value of 7.95 at significance level ␣ = 0.01) in order to reduce the data set and, hence find the compounds with the biggest influence on differences between the two cigarette types. A total of 91 compounds showing the biggest influence on the difference between the two cigarettes types (Fig. 4B ) were thus extracted from over 1000 compounds (see Table S -2).
As part of the quest for developing visualisation strategies to highlight reduced or increased analyte concentrations when different classes of samples are considered, we also report the results under the form of bubble plots that represent the difference in peak area means for classes. In this case, areas of analytes from the type B class were subtracted to areas of analytes from the type A class ( Fig. 5) . For 90 of the 91 compounds with an F value >300, this difference was positive (grey bubbles). This clearly illustrates the effect of using different construction of filters on the composition of the MTS-VP, confirming the trapping capacity of carbon-based materials for selected volatile analytes. Table S-2 lists the aforementioned (91) tentatively identified compounds in terms of their F-value, molecular weight, and mean peak areas for both classes of cigarettes and their ratios. Out of the 91 compounds 74 compounds were tentatively identified and the remaining compounds were unassigned due to the poor MS library match.
Conclusions
A thermal desorption comprehensive two-dimensional gas chromatography coupled to time-of-flight mass spectrometry (TD-GC × GC-TOFMS) method was developed for the analysis of mainstream tobacco smoke vapour phase (MTS-VP). To our best knowledge this is the first report on the use of a TD-GC × GC-TOFMS method for the analysis of MTS-VP samples. It was applied for the qualitative analysis of MTS-VP constituents of a reference cigarette type where a total of 130 peaks were reliably identified with high precision using interactive LRI and MS library matching. This approach shows that collection, extraction and concentration of MTS-VP constituents can reproducibly be carried out in a single step and yields high quality chromatographic data and mass spectra that allow to gain confidence in the identification of the isolated analytes. To demonstrate the application of the method and expand on previous PP study [1] , our method was used for the analysis of two cigarette types that differed in their filter construction. Supervised statistical analyses permitted to clearly differentiate the two types of samples based on their MTS-VP compositions. The refinement of the Fisher ratio values using the F critical cut-off approach allowed to highlight 91 compounds having the biggest influence on the differences between the two types of cigarettes. The use of various bubble plots that represent the difference in peak area means for classes allowed to clearly visualise variations of analytes quantities between the different classes of samples.
